Systems Engineering (MBSE), crowdsourcing, and virtual environments can enhance collaboration. This study focused on finding critical success factors, using the Delphi method, allowing virtual environments and MBSE to produce needed feedback and enhance the process. A host of technologies and concepts holds the key for reducing development time linked to real warfighter evaluation and need. Innovations in MBSE, networking, and virtual environment technology can enable collaboration among the designers, developers, and end users, and can increasingly be utilized for warfighter crowdsourcing (Smith & Vogt, 2014) . The innovative process can link ideas generated by warfighters, using game-based virtual environments in combination with the ideas, ranking, and filtering of the greater engineering staff. The DoD, following industry's lead in crowdsourcing, can utilize the critical success factors and methods developed in this research to reduce the time needed to develop and field critical defense systems. Innovative use of virtual environments and crowdsourcing can increase the usefulness of weapon systems to meet the real needs of the true stakeholders-the warfighters.
A host of technologies and concepts holds the key for reducing development time linked to real warfighter evaluation and need. Innovations in MBSE, networking, and virtual environment technology can enable collaboration among the designers, developers, and end users, and can increasingly be utilized for warfighter crowdsourcing (Smith & Vogt, 2014) . The innovative process can link ideas generated by warfighters, using game-based virtual environments in combination with the ideas, ranking, and filtering of the greater engineering staff. The DoD, following industry's lead in crowdsourcing, can utilize the critical success factors and methods developed in this research to reduce the time needed to develop and field critical defense systems. Innovative use of virtual environments and crowdsourcing can increase the usefulness of weapon systems to meet the real needs of the true stakeholders-the warfighters.
The DoD, as a whole, has begun looking for efficiency by employing innovation, crowdsourcing, MBSE, and virtual environments (Zimmerman, 2015) . Industry has led the way with innovative use of crowdsourcing for design and idea generation. Many of these methods utilize the public at large. However, this study will focus on crowdsourcing that uses warfighters and the larger DoD engineering staff, along with MBSE methodologies. This study focuses on finding the critical success factors, or key elements, and developing a process (framework) to allow virtual environments and MBSE to continually produce feedback from key stakeholders throughout the design cycle, not just at the beginning and end of the process. The proposed process has been developed based on feedback from a panel of experts using the Delphi method. The Delphi method, created by RAND in the 1950s, allows for exploration of solutions based on expert opinion (Dalkey, 1967) . This study utilized a panel of 20 experts in modeling and simulation (M&S). The panel was a cross section of Senior Executive Service, senior Army, Navy, and DoD engineering staff, and academics with experience across the range of virtual environments, M&S, MBSE, and human systems integration (HSI). The panel developed critical success factors in each of the five areas explored: MBSE, HSI, virtual environments, crowdsourcing, and the overall process. HSI is an important part of the study because virtual environments can enable earlier detailed evaluation of warfighter integration in the system design.
Many researchers have conducted studies that looked for methods to make military systems design and acquisition more fruitful. A multitude of studies conducted by the U.S. Government Accountability Office (GAO) has also investigated the failures of the DoD to move defense systems from the early stages of conceptualization to finished designs useful to warfighters. The The DoD is now looking to follow the innovation process emerging in industry to kick-start the innovation cycle and utilize emerging technologies to minimize the time from initial concept to fielded system (Hagel, 2014) . This is a challenging goal that may require significant review and restructuring of many aspects of the current process. In his article "Digital Pentagon," Modigliani (2013) recommended a variety of changes, including changes to enhance collaboration and innovation. Process changes and initiatives have been a constant in DoD acquisition for the last 25 years. As weapons have become more complex, software-intensive, and interconnected, DoD has struggled to find the correct mix of process and innovation. The DoD acquisition policy encourages and mandates the utilization of systems engineering methods to design and develop complex defense systems. It is hoped that the emergence of MBSE concepts may provide a solid foundation and useful techniques that can be applied to harness and focus the fruits of the rapidly expanding innovation pipeline.
Innovative use of virtual environments and
crowdsourcing can increase the usefulness of weapon systems to meet the real needs of the true stakeholders-the warfighters.
The goal and desire to include more M&S into defense system design and development has continually increased as computer power and software tools have become more powerful. Over the past 25 years, many new efforts have been launched to focus the utilization of advanced M&S. The advances in M&S have led to success in small pockets and in selected design efforts, but have not diffused fully across the entire enterprise. Several different process initiatives have been attempted over the last 30 years. The acquisition enterprise is responsible for the process, which takes ideas for defense systems; initiates programs to design, develop, and test a system; and then manages the program until the defense system is in the warfighters' hands. A few examples of noteworthy process initiatives are Simulation Based Acquisition (SBA); Simulation and Modeling for Acquisition, Requirements, and Training (SMART); Integrated Product and Process Development (IPPD); and now, Model Based Systems Engineering (MBSE) and Digital Engineering Design (DED) (Bianca, 2000; Murray, 2014; Sanders, 1997; Zimmerman, 2015) . These process initiatives (SBA, SMART, and IPPD) helped create some great successes in DoD weapon systems; however, the record of defense acquisition and the amount of time required to develop more advanced and increasingly complex interoperable weapon systems has been mixed at best. The emerging MBSE and DED efforts are too new to fully evaluate their contribution.
The Army's development of the Javelin (AAWS-M) missile system is an interesting case study of a successful program that demonstrated the ability to overcome significant cost, technical, and schedule risks. Building on design and trade studies conducted by the Defense Advanced Research Projects Agency (DARPA) during the 1970s and utilizing a competitive prototype approach, the Army selected an emerging (imaging infrared seeker) technology from the three technology choices proposed. The innovative Integrated Flight Simulation, originally developed by the Raytheon/ Lockheed joint venture, also played a key role in Javelin's success. The final selection was heavily weighted toward "fire-and-forget" technology that, although costly and immature at the time, provided a significant benefit As weapons have become more complex, softwareintensive, and interconnected, DoD has struggled to find the correct mix of process and innovation to the warfighter (David, 1995; Lyons, Long, & Chait, 2006) . This is a rare example of warfighter input and unique M&S efforts leading to a successful program. In contrast to Javelin's successful use of innovative modeling and simulation is the Army's development of Military Operations on Urbanized Terrain (MOUT) weapons. In design for 20 years, and still under development, is a new urban shoulder-launched munition for MOUT application now called the Individual Assault Munition (IAM). The MOUT weapon acquisition failure was in part due to challenging requirements. However, the complex competing technical system requirements might benefit from the use of detailed virtual prototypes and innovative game-based warfighter and engineer collaboration. IAM follows development of the Army's Multipurpose Individual Munition (MPIM), a program started by the Army around 1994 and canceled in 2001. Army Colonel Richard Hornstein indicates that currently, after many program changes and requirements updates, system development of IAM will now begin again in the 2018 timeframe. However, continuous science and technology efforts at both U.S. Army Armament Research, Development, and Engineering Center (ARDEC) and U.S. Army Aviation and Missile Research, Development, and Engineering Center (AMRDEC) have been maintained for this type of system. Many of our allies and other countries in the world are actively developing MOUT weapons (Gourley, 2015; Jane's, 2014) . It is hoped that by using the framework and success factors described in this article, DoD will accelerate bringing needed capabilities to the warfighter, using innovative ideas and constant soldier, sailor, and airman input. With the changing threat environment in the world, the U.S. military can no longer allow capability gaps to be unfilled for 20 years or just wait to purchase similar systems from our allies. The development of MOUT weapons is an application area that is ripe for the methods discussed in this article. This study and enhanced utilization of virtual environments cannot correct all of the problems in defense acquisition. However, it is hoped that enhanced utilization of virtual environments and crowdsourcing, as a part of the larger The record of defense acquisition and the amount of time required to develop more advanced and increasingly complex interoperable weapon systems has been mixed at best. effort into Engineered Resilient Systems (ERS) and expanded tradespace tools, can provide acquisition professionals innovative ways to accelerate successful systems development.
BACKGROUND Literature Review
This article builds upon detailed research by Murray (2014) ; Smith and Vogt (2014) ; London (2012) ; Korfiatis, Cloutier, and Zigh (2015) ; Corns and Kande (2011); and Madni (2015) that covered elements of crowdsourcing, virtual environments, gaming, early systems engineering, and MBSE. The research study described in this article was intended to expand the work discussed in this section and determine the critical success factors for using MBSE and virtual environments to harvest crowdsourcing data from warfighters and stakeholders, and then provide that data to the overall Digital System Model (DSM). The works reviewed in this section address virtual environments and prototyping, MBSE, and crowdsourcing. The majority of these are focused on the conceptualization phase of product design. However, these tools can be used for early product design and integrated into the detailed development phase up to Milestone C, the production and deployment decision.
Many commercial firms and some government agencies have studied the use of virtual environments and gaming to create "serious games" that have a purpose beyond entertainment (National Research Council [NRC], 2010) . Commercial firms and DARPA have produced studies and programs to utilize an open innovation paradigm. General Electric, for one, is committed to "crowdsourcing innovation-both internally and externally … [b]y sourcing and supporting innovative ideas, wherever they might come from…" (General Electric, 2017, p. 1) .
Researchers from many academic institutions are also working with open innovation concepts and leveraging input from large groups for concept creation and research into specific topics. Dr. Stephen Mitroff of The George Washington University created a popular game while at Duke University that was artfully crafted not only to be entertaining, but also to provide researchers access to a large pool of research subjects. Figure 1 shows a sample game screen. The game allows players to detect dangerous items from images created to look like a modern airport X-ray scan. The research utilized the game results to test hypotheses related to how the human brain detects multiple items after finding similar items. In addition, the game allowed testing on how humans detect very rare and dangerous items. The game platform allowed for a large cross section of the population to interact and assist in the research, all while having fun. One of the keys to the usefulness of this game as a research platform is the ability to "phone home" or telemeter the details of the player-game interactions (Drucker, 2014; Sheridan, 2015) . This research showed the promise of generating design and evaluation data from a diverse crowd of participants using game-based methods.
FIGURE 1. AIRPORT SCANNER SCREENSHOT

Process
Several examples of process-related research that illustrates beginning inquiry into the use of virtual environments and MBSE to enhance systems development are reviewed in this section. Marine Corps Major Kate Murray (2014) explored the data that can be gained by the use of a conceptual Early Synthetic Prototype (ESP) environment. The envisioned environment used game-based tools to explore requirements early in the design process. The focus of her study was "What feedback can be gleaned, and is it useful to decision makers?" (Murray, 2014, p. 4) . This innovative thesis ties together major concepts needed to create an exploration of design within a game-based framework. The study concludes that ESP should be utilized for Pre-Milestone A efforts. The Pre-Milestone A efforts are dominated by concept development and materiel solutions analysis. Murray also discussed many of the barriers to fully enabling the conceptual vision that she described. Such an ambitious project would require the warfighters to be able to craft their own scenarios and add novel capabilities. An interesting viewpoint discussed in this research is that the environment must be able to interest the warfighters enough to have them volunteer their game-playing time to assist in the design efforts. The practical translation of this is that the environment created must look and feel like similar games played by the warfighters, both in graphic detail and in terms of game challenges to "keep … players engaged" (Murray, 2014, p. 25 ).
Corns and Kande (2011) describe a virtual engineering tool from the University of Iowa, VE-Suite. This tool utilizes a novel architecture, including a virtual environment. Three main engines interact: an Xplorer, a Conductor, and a Computational engine. In this effort, Systems Modeling Language (SysML) and Unified Modeling Language (UML) diagrams are integrated into the overall process. A sample environment is depicted simulating a fermentor and displaying a virtual prototype of the fermentation process controlled by a user interface (Corns & Kande, 2011) . The extent and timing of the creation of detailed MBSE artifacts, and the amount of integration achievable or even desirable among specific types of modeling languages-e.g., SysML and UML-are important areas of study.
In his 2012 thesis, Brian London described an approach to concept creation and evaluation. The framework described utilizes MBSE principles to assist in concept creation and review. The benefits of the approach are explored through examples of a notional Unmanned Aerial Vehicle design project. Various SysML diagrams are developed and discussed. This approach advocates utilization of use-case diagrams to support the Concept of Operations (CONOPS) review (London, 2012) . Carlini (2010) , in the Director, Defense Research and Engineering Rapid Toolbox Study, called for accelerated concept engineering with an expanded use of both virtual and physical prototypes, and support for more innovative interdisciplinary red teams. In this article, the terms "virtual environment" and "virtual prototype" can be used interchangeably. Korfiatis, Cloutier, and Zigh (2015) authored a series of articles between 2011 and 2015 related to CONOPS development and early systems engineering design methods. The Integrated Concept Engineering Framework evolved out of numerous research projects and articles looking at the combination of gaming and MBSE methods related to the task of CONOPS creation. This innovative work shows promise for the early system design and ideation stages of the acquisition cycle. There is recognition in this work that the warfighter will need an easy and intuitive way to add content to the game and modify the parameters that control objects in the game environment (Korfiatis et al., 2015) . Madni (2015) explored the use of storytelling and a nontechnical narrative along with MBSE elements to enable more stakeholder interaction in the design process. He studied the conjunction of stakeholder inputs, nontraditional methods, and the innovative interaction between the game engine, the virtual world, and the creation of systems engineering artifacts. The virtual worlds created in this research also allowed the players to share common views of their evolving environment (Madni, 2015; Madni, Nance, Richey, Hubbard, & Hanneman, 2014) . This section has shown that researchers are exploring virtual environments with game-based elements, sometimes mixed with MBSE to enhance the defense acquisition process.
Crowdsourcing
Wired magazine editors Jeff Howe and Mark Robinson coined the term "crowdsourcing" in 2005. In his Wired article titled "The Rise of Crowdsourcing," Howe (2006) described several types of crowdsourcing. The working definition for this effort is "… the practice of obtaining needed services, ideas, design, or content by soliciting contributions from a large group of people and especially from the system stakeholders and users rather than only from traditional employees, designers, or management" (Crowdsourcing, n.d.) .
The best fit for crowdsourcing, conceptually, for this current research project is the description of research and development (R&D) firms utilizing the InnoCentive Website to gain insights from beyond their in-house R&D team. A vital feature in all of the approaches is the use of the Internet and modern computational environments to find needed solutions or content, using the diversity and capability of "the crowd" at significant cost or time savings. The DoD, following this lead, is attempting to explore the capabilities and solutions provided by the utilization of crowdsourcing concepts. The DoD has numerous restrictions that can hinder a full utilization, but an artfully crafted application and a focus on components or larger strategic concepts can help to overcome these barriers (Howe, 2006) .
In a Harvard Business Review article, "Using the Crowd as an Innovation Partner," Boudreau and Lahkani (2013) discussed the approaches to crowdsourcing that have been utilized in very diverse areas. They wrote: "Over the past decade, we've studied dozens of company interactions with crowds on innovation projects, in areas as diverse as genomics, engineering, operations research, predictive analytics, enterprise software development, video games, mobile apps, and marketing" (Boudreau & Lahkani, 2013, p. 60 ).
Boudreau and Lahkani discussed four types of crowdsourcing: contests, collaborative communities, complementors, and crowd labor. A key enabler of the collaborative communities' concept is the utilization of intrinsic motivational factors such as the desire to contribute, learn, or achieve. As evidenced in their article, many organizations are clearly taking note of, and are beginning to leverage the power of, diverse, geographically separated ad hoc groups to provide innovative concepts, engineering support, and a variety of inputs that traditional employees normally would have provided (Boudreau & Lahkani, 2013) .
In 2015, the U.S. Navy launched "Hatch." The Navy calls this portal a "crowdsourced, ideation platform" (Department of the Navy, 2015). Hatch is part of a broader concept called the Navy Innovation Network (Forrester, 2015; Roberts, 2015) . With this effort, the Navy hopes to build a continuous process of innovation and minimize the barriers for information flow to help overcome future challenges. Novel wargaming and innovation pathways are to become the norm, not the exception. The final tools that will fall under this portal are still being developed. However, it appears that the Navy has taken a significant step foward to establish structural changes that will simplify the ideation and innovation pipeline, and ensure that the Navy uses all of the strengths of the total workforce. "Crowdsourcing, in all of its forms, is emerging as a powerful tool…. Organizational leaders should take every opportunity to examine and use the various methods for crowdsourcing at every phase of their thinking" (Secretary of the Navy, 2015, p. 7).
The U.S. Air Force has also been exploring various crowdsourcing concepts. They have introduced the Air Force Collaboratory Website and held a number of challenges and projects centered around three different technology areas. Recently, the U.S. Air Force opened a challenge prize on its new Website, http://www.airforceprize.com, with the goal of crowdsourcing a design concept for novel turbine engines that meet established design requirements and can pass the validation tests designed by the Air Force (U.S. Air Force, n.d.; U.S. Air Force, 2015).
Model Based Systems Engineering
MBSE tools have emerged and are supported by many commercial firms. The path outlined by the International Council on Systems Engineering (INCOSE), in their Systems Engineering Vision 2020 document (INCOSE, 2007) shows that INCOSE expects the MBSE environment to evolve into a robust, interconnected development environment that can serve all systems engineering design and development functions. It remains to be seen if MBSE can transcend the past transformation initiatives of SMART, SBA, and others on the DoD side. The intent of the MBSE section of questions is to identify the key or critical success factors needed for MBSE to integrate into, or encompass within, a crowdsourcing process in order to provide the benefits that proponents of MBSE promise (Bianca, 2000; Sanders, 1997) .
The Air Force Institute of Technology discussed MBSE and platform-based engineering as it discussed collaborative design in relation to rapid/expedited systems engineering (Freeman, 2011) . The process outlined is very similar to the INCOSE view of the future, with MBSE included in the design process. Freeman covered the creation of a virtual collaborative environment that utilizes "tools, methods, processes, and environments that allow engineers, warfighters, and other stakeholders to share and discuss choices. This spans human-system interaction, collaboration technology, visualization, virtual environments, and decision support" (Freeman, 2011, p. 8) .
As the DoD looks to use MBSE concepts, new versions of the DoD Instruction 5000.02 and new definitions have emerged. These concepts and definitions can assist in developing and providing the policy language to fully utilize an MBSE-based process. The Office of the Deputy Secretary of Defense, Systems Engineering is working to advance several new approaches related to MBSE. New definitions have been proposed for Digital Threads and DED, using a DSM. The challenges of training the workforce and finding the correct proof-of-principle programs are being addressed (Zimmerman, 2015) . These emerging concepts can help enable evolutionary change in the way DoD systems are developed and designed.
The director of the AMRDEC is looking to MBSE as the "ultimate cool way" to capture the excitement and interest of emerging researchers and scientists to collaborate and think holistically to capture "a single evolving computer model" (Haduch, 2015, p. 28 ). This approach is seen as a unique method to capture the passion of a new generation of government engineers (Haduch, 2015) .
Other agencies of the federal government are also working on programs based on MBSE. David Miller, National Aeronautics and Space Administration (NASA) chief technologist, indicates that NASA is trying to use the techniques to modernize and focus future engineering efforts across the system life cycle, and to enable young engineers to value MBSE as a primary method to accomplish system design (Miller, 2015) .
The level of interaction required and utilization of MBSE artifacts, methods, and tools to create, control, and interact with future virtual environments and simulations is a fundamental challenge.
SELECTED VIRTUAL ENVIRONMENT ACTIVITIES Army
Within the Army, several efforts are underway to work on various aspects of virtual environments/synthetic environments that are important to the Army and to this research. Currently, efforts are being funded by the DoD at Army Capability Integration Center (ARCIC), Institute for Creative Technologies (ICT) at University of Southern California, Naval Postgraduate School (NPS), and at the AMRDEC. The ESP efforts managed by Army Lieutenant Colonel Vogt continue to look at building a persistent, game-based virtual environment that can involve warfighters voluntarily in design and ideation (Tadjdeh, 2014) . Several prototype efforts are underway at ICT and NPS to help evolve a system that can provide feedback from the warfighters, playing game-based virtual environments that answer real design and strategy questions. Key questions being looked at include: what metrics to utilize, how to distribute the games, and whether the needed data can be saved and transmitted to the design team. Initial prototype environments have been built and tested. The ongoing work also looks at technologies that could enable more insight into the HSI issues by attempting to gather warfighter intent from sensors or camera data relayed to the ICT team (Spicer et al., 2015) .
The "Always ON-ON Demand" efforts being managed by Dr. Nancy Bucher (AMRDEC) and Dr. Christina Bouwens are a larger effort looking to tie together multiple simulations and produce an "ON-Demand" enterprise repository. The persistent nature of the testbed and the utilization of virtual environment tools, including the Navy-developed Simulation Display System (SIMDIS™) tool, which utilizes the OpenSceneGraph capability, offers exploration of many needed elements required to utilize virtual environments in the acquisition process (Bucher & Bouwens, 2013 ; U.S. Naval Research Laboratory, n.d.).
Navy
Massive Multiplayer Online War Game Leveraging the Internet (MMOWGLI) is an online strategy and innovation game employed by the U.S. Navy to tap the power of the "crowd." It was jointly developed by the NPS and the Institute for the Future. Navy researchers developed the message-based game in 2011 to explore issues critical to the U.S. Navy of the future. The game is played based on specific topics and scenarios. Some of the games are open to the public and some are more restrictive. The way to score points and "win" the game is to offer ideas that other players comment upon, build new ideas upon, or modify. Part of the premise of the approach is based on this statement: "The combined intelligence of our people is an unharnessed pool of potential, waiting to be tapped" (Moore, 2014, p. 3) . Utilizing nontraditional sources of information and leveraging the rapidly expanding network and visualization environment are key elements that can transform the current traditional pace of design and acquisition. In the future, it might be possible to tie this tool to more highly detailed virtual environments and models that could expand the impact of the overall scenarios explored and the ideas generated.
RESEARCH QUESTIONS
The literature review demonstrates that active research is ongoing into crowdsourcing, MBSE, and virtual environments. However, there is not a fully developed process model and an understanding of the key elements that will provide the DoD a method to fully apply these innovations to successful system design and development. The primary research questions that this study examined to meet this need are:
• What are the critical success factors that enable game-based virtual environments to crowdsource design and requirements information from warfighters (stakeholders)?
• What process and process elements should be created to inject war fighter-developed ideas, metrics, and feedback from game-based virtual environment data and use cases?
• What is the role of MBSE in this process?
METHODOLOGY AND DATA COLLECTION
The Delphi technique was selected for this study to identify the critical success factors for the utilization of virtual environments to enable crowdsourced information in the system design and acquisition process. Delphi is an appropriate research technique to elicit expert judgment where complexity, uncertainty, and only limited information available on a topic area prevail (Gallop, 2015; Skutsch & Hall, 1973) . A panel of M&S experts was selected based on a snowball sampling technique. Finding experts across DoD and academia was an important step in this research. Expertise in M&S, as well as virtual environment use in design or acquisition, was the primary expertise sought. Panel members that met the primary requirement areas, but also had expertise in MBSE, crowdsourcing, or HSI were asked to participate. The sampling started with experts identified from the literature search as well as Army experts with appropriate experience known by the researcher. Table 1 shows a simplified description of the panel members as well as their years of experience and degree attainment. Numerous, additional academic, Air Force, and Navy experts were contacted; however, the acceptance rate was very low. An exploratory "interview-style" survey was conducted using SurveyMonkey to collect demographic data and answers to a set of 38 questions. This survey took the place of the more traditional semistructured interview due to numerous scheduling conflicts. In addition, each member of the expert panel was asked to provide three possible critical success factors in the primary research areas. Follow-up phone conversations were utilized to seek additional input from members of the panel. A large number of possible critical success factors emerged for each focus area. Figure 2 shows the demographics of the expert panel (n=20). More than half (55 percent) of the panel have Doctoral degrees, and an additional 35 percent hold Master's degrees. Figure 2 also shows the self-ranked expertise of the panel. All have interacted with the defense acquisition community. The panel has the most experience in M&S, followed by expertise in virtual environments, MBSE, HSI, and crowdsourcing. Figure 3 depicts a word cloud; this figure was created from the content provided by the experts in the interview survey.
The large text items show the factors that were mentioned most often in the interview survey. The initial list of 181 possible critical success factors was collected from the survey, with redundant content grouped or restated for each major topic area when developing the Delphi Round 1 survey. The expert panel was asked to rank the factors using a 5-element Likert scale from Strongly Oppose to Strongly Agree. The experts were also asked to rank their or their groups' status in that research area, ranging from "innovators" to "laggards" for later statistical analysis. 
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Fifteen experts participated in the Round 1 Delphi study. The data generated were coded and statistical data were also computed. Figure 4 shows the top 10 factors in each of four areas developed in Round 1-virtual environments, crowdsourcing, MBSE, and HSI. The mean, Interquartile Range (IQR), and percent agreement are shown for 10 factors developed in Round 1.
The Round 2 survey included bar graphs with the statistics summarizing Round 1. The Round 2 survey contained the top 10 critical success factors in the five areas-with the exception of the overall process model, which contained a few additional possible critical success factors due to survey software error. The Round 2 survey shows an expanded Likert scale with seven levels, ranging from Strongly Disagree to Strongly Agree. The additional choices were intended to minimize ties and to help show where the experts strongly ranked the factors.
Fifteen experts responded to the Round 2 survey, rating the critical success factors determined from Round 1. The Round 2 survey critical success factors continued to receive a large percentage of experts choosing survey values ranging from "Somewhat Agree" to "Strongly Agree," which confirmed the Round 1 top selections. But Round 2 data also suffered from an increase in "Neither Agree nor Disagree" responses for success factors past the middle of the survey. The Round 3 survey included the summary statistics from Round 2 and charts showing the experts' agreement from Round 2. The Round 3 questions presented the top 10 critical success factors in each area and asked the experts to rank these factors. The objective of the Round 3 survey was to determine if the experts had achieved a level of consensus regarding the ranking of the top 10 factors from the previous round.
PROCESS AND EMERGING CRITICAL SUCCESS FACTOR THEMES
In the early concept phase of the acquisition process, more game-like elements can be utilized, and the choices of technologies can be very wide. The graphical details can be minimized in favor of the overall application area. However, as this process is applied later in the design cycle, more detailed virtual prototypes can be utilized, and there can be a greater focus on detailed and subtle design differences that are of concern to the warfighter. The next sections present the overall process model and the critical success factors developed.
Process (Framework)
"For any crowdsourcing endeavor to be successful, there has to be a good feedback loop," said Maura Sullivan, chief of Strategy and Innovation, U.S. Navy (Versprille, 2015, p. 12) . Figure 5 illustrates a top-level view of the framework generated by this research. Comments and discussion from the interview phase have been combined with the literature review data and information to create this process. Key elements from the Delphi study and the critical success factors have been utilized to shape this process. The fidelity of the models utilized would need to be controlled by the visualization/modeling/prototyping centers. These centers would provide key services to the warfighters and engineers to artfully create new game elements representing future systems and concepts, and to pull information from the enterprise repositories to add customizable game elements. The expert panel was asked: "Is Model Based Systems Engineering necessary in this approach?" The breakdown of responses revealed that 63 percent responded "Strongly Agree," another 18.5 percent selected "Somewhat Agree," and the remaining 18.5 percent answered "Neutral." These results show strong agreement with using MBSE methodologies and concepts as an essential backbone, using MBSE as the "glue" to manage the use cases, and subsequently providing the feedback loop to the DSM.
In the virtual environment results from Round 1, real time operation and realistic physics were agreed upon by the panel as critical success factors. The appropriate selection of simulation tools would be required to support these factors. Scenegraphs and open-source game engines have been evolving and maturing over the past 10 years. Many of these tools were commercial products that had proprietary architectures or were expensive. However, as the trend toward more open-source tools continues, game engines have followed the trend. Past research conducted by Romanczuk (2012) linked scenegraph tools such as Prospect, Panda3D, and Delta3D to high-fidelity human injury modeling and lethality application programming interfaces. Currently, the DoD has tools like VBS2 and VBS3 available, but newer commercial-level engines are also becoming free for use by DoD and the public at large. Premier game engines such as Source, Unity, and Unreal are now open-source engines (Heggen, 2015) . The trend continues as WebGL and other novel architectures allow rapid development of high-end complex games and simulations.
MBSE
S&T
In the MBSE results from Round 1, the panel indicated that both ties to mission tasks and to measures of performance were critical. The selection of metrics and the mechanisms to tie these factors into the process are very important. Game-based metrics are appropriate, but these should be tied to elemental capabilities. Army researchers have explored an area called Degraded States for use in armor lethality (Comstock, 1991) . The early work in this area has not found wide application in the Army. However, the elemental capability methodology, which is used for personnel analysis, should be explored for this application. Data can be presented to the warfighter that aid gameplay by using basic physics. In later life-cycle stages, by capturing and recording detailed data points, engineering-level simulations can be run after the fact, rather than in real time, with more detailed high-fidelity simulations by the engineering staff. This allows a detailed design based on feedback telemetered from the warfighter. The combination of telemetry from the gameplay and follow-up ranking by warfighters and engineering staff can allow in-depth, high-fidelity information flow into the emerging systems model. Figure 6 shows the authors' views of the interactions and fidelity changes over the system life cycle. 
IDEATION S&T
Collaboration and Filtering A discussion on collaboration and filtering arose during the interviews. The feedback process from a crowd using virtual environments needs voting and filtering. The voting techniques used in social media or on Reddit are reasonable and well-studied. Utilizing techniques familiar to the young warfighters will help simplify the overall process. The ranking and filtering needs to be done by both engineers and warfighters so the decisions can take both viewpoints into consideration. Table 2 shows the top 10 critical success factors from Round 2 for the overall process. The Table includes the mean, IQR, and the percent agreement for each of the top 10 factors. A collaboration area, ranking and filtering by scientists and engineers, and collaboration between the warfighters and the engineering staff are critical success factors-with a large amount of agreement from the expert panel. Fidelity Fidelity was ranked high in virtual environments, MBSE, and HSI. Fidelity and accuracy of the modeling and representations to the true system are critical success factors. For the virtual environment, early work would be done with low facet count models featuring texture maps for realism. However, as the system moves through the life cycle, higher fidelity models and models that feed into detailed design simulations will be required. There must also be verification, validation, and accreditation of these models as they enter the modeling repository or the DSM.
Leadership Commitment
Leadership commitment was ranked near the top in the MBSE, crowdsourcing, and HSI areas. Clearly, in these emerging areas the enterprise needs strong leadership and training to enable MBSE and crowdsourcing initiatives. The newness of MBSE and crowdsourcing may be related to the experts' high ranking of the need for leadership and senior engineer commitment. Leadership support is also a critical success factor in Table 2 -with 75 percent agreement from the panel. Leadership commitment and support, although somewhat obvious as a success factor, may have been lacking in previous initiatives. Leadership commitment needs to be reflected in both policy and funding commitments from both DoD and Service leadership to encourage and spur these innovative approaches. Figure 7 details the critical success factors generated from the Delphi study, which visualizes the top 10 factors in each by using a mind-mapping diagram. The main areas of study in this article are shown as major branches, with the critical success factors generated appearing on the limbs of the diagram. The previous sections have discussed some of the emerging themes and how some of the recurring critical success factors in each area can be utilized in the framework developed. The Round 3 ranking of the critical success factors was analyzed by computing the Kendall's W, coefficient of concordance. Kendall's W is a nonparametric statistics tool that measures the agreement of a group of raters. The experts' rankings of the success factors showed moderate, but statistically significant agreement or consensus.
Critical Success Factors
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LIMITATIONS TO THE RESEARCH
The ideas presented here and the critical success factors have been developed by a team of experts who have, on average, 20 to 30 years of experience in the primary area of inquiry and advanced degrees. However, the panel was more heavily weighted by Army experts than individuals from the rest of the DoD. Neither time nor resources allowed for study of other important groups of experts, including warfighters, industry experts, and program managers. The Delphi method was selected for this study to generate the critical success factors based on the perceived ease of use of the method and the controlled feedback gathered. The critical success factors developed are ranked judgment, but based on years of expertise. This study considered five important areas and identified critical success factors in those areas. This research study is based on the viewpoint of experts in M&S. Nonetheless, other types of expert viewpoints might possibly generate additional factors. Several factor areas could not be covered by M&S experts, including security and information technology.
The surveys were constructed with 5-and 7-element Likert scales that allowed the experts to choose "Neutral" or "Neither Agree nor Disagree." Not utilizing a forced-choice scale or a nonordinal data type in later Delphi rounds can limit data aggregation and statistical analysis approaches.
RECOMMENDATIONS AND CONCLUSIONS
In conclusion, innovation tied to virtual environments and linked to MBSE artifacts can help the DoD meet the significant challenges it faces in creating new complex interconnected designs much faster than in the past decade. This study has explored key questions and has developed critical success factors in five areas. A general framework has also been developed. The DoD must look for equally innovative ways to meet numerous information technology (IT), security, and workforce challenges to enable the DoD to implement the process successfully in the acquisition enterprise. The DoD should also explore interdisciplinary teams by hiring and funding teams of programmers and content creators to be co-located with systems engineers and subject matter experts.
Artfully crafted game-based scenarios that help explore design and usability issues can be crafted and provided to warfighters as a part of the process and help focus on needed system information. The challenge remains for the methods to harvest, filter, and convert the information gathered to MBSE artifacts that result from this process. An overall process can be enacted that takes ideas, design alternatives, and data harvested-and then provides a path to feed back this data at many stages in the acquisition cycle. The extent to which MBSE tools such as SysML, UML, and emerging new standards are adopted or utilized in the process may depend upon the emerging training of acquisition professionals in MBSE and the leadership commitment to this approach.
This article has answered the three research questions posed in earlier discussion. Utilizing the expert panel, critical success factors have been developed using the Delphi method. An emerging process model has been described. Finally, the experts in this Delphi study have affirmed an essential role of MBSE in this process.
FUTURE RESEARCH
The DoD is actively conducting research into the remaining challenges to bring many of the concepts discussed in this article into the acquisition process. The critical success factors developed here can be utilized to focus some of the efforts.
Key challenges in DoD remain, as the current IT environment attempts to study larger virtual environments and prototypes. The question of how to utilize the Secret Defense Engineering Research Network, High Performance Supercomputing, and Secret Internet Protocol Router Network, while simultaneously making the process continually available to warfighters, will need to be answered. The ability of deployed warfighters to engage in future system design efforts is also a risk item that needs to be investigated. Research is essential to identify the limitations and inertia associated with the DoD IT environment in relation to virtual environments and crowdsourcing. An expanded future research study that uses additional Artfully crafted game-based scenarios that help explore design and usability issues can be crafted and provided to warfighters as a part of the process and help focus on needed system information.
inputs, including a warfighter expert panel and an industry expert panel, would provide useful data to compare and contrast with the results of this study.
An exploration of how to combine the process described in this research with tradespace methodologies and ERS approaches could be explored. MBSE methods to link and provide feedback should also be studied.
The DoD should support studies that select systems in the early stages of development in each Service to apply the proposed framework and process. The studies should use real gaps and requirements, and real warfighters. In support of ARCIC, several studies are proposed at the ICT and the NPS that explore various aspects of the challenges involved in testing tools needed to advance key concepts discussed in this article. The Navy, Air Force, and Army have active programs under various names to determine how M&S can support future systems development as systems and designs become more complex, distributed, and interconnected (Spicer et al., 2015) .
When fully developed, MBSE and DSM methods can leverage the emerging connected DoD enterprise and bring about a continuous-feedback design environment. Applying the concepts developed in this article to assessments conducted by developing concepts, Analysis of Alternatives, and trade studies conducted during early development through Milestone C can lead to more robust, resilient systems continuously reviewed and evaluated by the stakeholders who truly matter: the warfighters. E-mail address: jeb@email.gwu.edu) 
